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(54) Aggregate power measurement and control 

(57) The power level of at least one fbnA^ard-IInk sig- 
nal is determined for a measurement interval, where the 
measurement interval has a duration smaller than or 
equal to the time period In which at least one power- 
indicative signal characteristic can change. For exam- 
ple, a power-indicative signal characteristic used can be 
the Information rate of the signal, which can change 
once per frame. In this case the measurement interval 
would be smaller than or equal to a frame. Preferably, 
the measurement interval Is smaller than the time 
period in which any of the power-indicative signal char- 
acteristics can change. The power level of the signal is 
based on the signal's power-Indicative signal character- 
istics during the measurement interval. In one embodi- 
ment of the invention, the signal's power-indicative 
signal characteristics include the information rate, and 
the gain of the signal. The power-indicative signal char- 
acteristics can also include whether the information 
contained in a traffic signal is control information or 
voice and/or data information, whether the signal is set- 
ting up a call or is part of an established call, and 
whether the call is in a soft handoff. Each fbnvard-IInk 
signal is a part of a signal set. The signal set can 
include: all or some of the signals corresponding to a 
sector of the cell containing the base station; or all or 
some of the signals amplified by the base station's 
amplifier. The power level of each signal that is in the 
signal set is summed to obtain the power level of the 
signal set. 
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Description 

Background of the Invention 

5 Field Of the Invention 

[0001] The present invention relates generally to wireless communication systems and. in particular, to power 
measurement in wireless communication systems. 

10 Description of the Related Art 

[0002] Wireless communication systems employ Code Division Multiple Access ("CDMA") modulation techniques 
to permit a large numt>er of system users to communicate with one another. The ability of such systems to work is 
based on the fact that each signal is coded with spreading sequences, such as pseudo-random noise ("PN") 

15 sequences, and orthogonal spreading sequences such as Walsh codes. This coding permits signal separation and sig- 
nal reconstruction at the receiver. In typical CDMA systems, communication is achieved by using a different spreading 
sequence for each channel. This results in a plurality of transmitted signals sharing the same bandwidth. Particular 
transmitted signals are retrieved from the communication channel by despreading a signal from all of the signals by 
using a known user despreading sequence related to the spreading sequence implemented at the transmitter. 

20 [0003] Figure 1 illustrates CDMA system 100. The geographic area serviced by CDMA system 100 is divided into 
a plurality of spatially distinct areas called "cells." Although cells 102, 104, 106 are illustrated as a hexagon in a honey- 
comb pattern, each cell is actually of an inregular shape that depends on the topography of the terrain sunounding the 
cell. Each cell 102, 104, 106 contains one base station 112, 114, and 116, respectively. Each base station 112, 114, 
and 116 includes equipment to communicate with Mobile Switching Center ("MSC") 118, which is connected to local 

25 and/or long-distance transmission network 120, such as a public switch telephone network (PSTN). Each base station 
1 12. 1 14, and 116 also Includes radios and antennas that the base station uses to communicate with mobile terminals 
122. 124. 

[0004] When a call is set up in a CDMA system, a base station and mobile terminal communicate over a fbnward 
link and a reverse link. The fonvard link includes communication channels for transmitting signals from the base station 

30 to the mobile terminal, and the reverse link includes communication channels for transmitting signals from the mobile 
terminal to the base station. The base station transmits certain types of control Information to the mobile terminal over 
a communication channel, referred to herein as a forward-link control channel, also known in the art as a fbnward over- 
head channel. FonA/ard-link control channels include the pilot, paging, and synchronization channels. The base station 
transmits voice or data, and certain types of control information over a communication channel, refeaed to herein as a 

35 fonA^rd-link traffic channel. The signals on the communication channels are organized in time periods, referred to 
herein as frames. Frames are typically 20-millisecond (ms) in length. The signals transmitted over the control channels 
are refen-ed to herein as control signals, and the signals transmitted over the traffic channels are refenred to herein as 
traffic signals. 

[0005] Figure 2 shows a portion of base station 112. Base station 1 1 2 includes master controller 1 30. channel units 
40 140 and 142, radio unit 150 that includes a baseband transmit and receive section, and an RF section. Base station 112 
also includes amplifier 160, peripheral hardware 170, and antenna 180. Although only two channel units are shown, the 
base station can include either more or less channel units. 

[0006] Each channel unit 140 and 142 includes channel unit controllers 196 and 198. respectively, and multiple 
channel elements 184, 186. 188 and 190, 192, 194, respectively. A channel element is required for each call being han- 

45 died by the base station. The channel elements encode the data in a signal with the spreading codes. Each signal trans- 
mitted by base station 112 is the output of one of the channel elements. The outputs of the channel elements are 
digitally combined to form a combined-baseband signal. The combined-baseband signal is then provided as an input 
into the radio unit 1 50 where the signal Is slightly amplified and Is modulated onto a earner signal. The modulated signal 
Is amplified by amplifier 160, and then transmitted via antenna 180 to mobile terminal 122. 

50 [0007] One of the resource management problems that base station 112 must consider is how to manage fonvard 
link power. Base station 112 must determine how much power is being transmitted, such that the maximum power out- 
put of the base station amplifiers Is not exceeded when additional power Is requested. 

[0008] Base station 1 12 may implement two forms of power control: individual power control for each traffic signal, 
which is implemented by most base stations, and overload power control, which is implemented by only some base sta- 
55 tions. 

[0009] In the case of the individual power control, base station 1 12 determines the power level of the fonvard link 
signals to each mobile terminal Independent of the power levels of the fonvard-IInk signals of the other mobile terminals 
communicating with the base station. Each mobile terminal receives the transmitted signal and obtains the fonward-link 
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signal intended for that mobile terminal. When mobile terminal 122 receives a traffic signal, in CDMA systems that com- 
ply to the IS-95 standard, mobile terminal 122 checks to detenmine whether the received forward-link traffic frame is in 
error. In a subsequent reverse-link traffic frame that mobile terminal 122 transmits, mobile terminal 122 indicates to 
base station 1 1 2 whether there was an error. In CDMA 2000 systems, mobile terminal 1 22 checks to determine whether 
5 the received forward-link traffic signal has sufficient signal strength to overcome the noise in the system, typically by 
checking the forward-link traffic signal's signal-to-noise ratio. Mobile terminal 122 then Indicates to base station 112 
whether the fbnA^rd-link traffic signal strength is sufficient. 

[0010] Upon receiving from mobile terminal 122 the information of whether there was an en^r (in IS-95 compliant 
CDMA systems) or whether the fon^^ard-link traffic signal strength is sufficient (in CDMA 2000 systems) base station 
10 112 determines whether its forward link to this mobile terminal is in fading. Base station 1 1 2 then adjusts the power level 
of this signal accordingly. For example, if base station 112 receives one or more successive indications that there is an 
erred forward-link traffic frame, base station 112 may determine that this forward-link traffic channel is in fading and 
increase the power level of this signal. 

[0011] A goal of overload power control is to ensure that the total power transmitted by base station 112 does not 
15 exceed the power level at which the base station's equipment is designed to operate over an extended time period. 
Overload power control is beneficial when the number of signals that can be transmitted simultaneously by the base 
station is limited by the total power of all the transmitted signals. The total power of all the transmitted signals is a limit- 
ing factor for the number of signals that can be transmitted simultaneously because there Is maximum output power 
level at which the amplifier 160 is designed to operate over an extended time period. This maximum output power is 
20 referred to herein as the amplifier's maximum continuous power level. When the power level reaches the amplifier's 
maximum continuous power level an overload condition exists. The base station should determine how much total 
power is being transmitted, such that the amplifier's maximum continuous power level is not exceeded for a significant 
time period when additional power Is requested. 

[0012] Conventional CDMA systems that have some form of overload power control may still not be able to solve 
25 the problem of reaching an overload condition. The overload power control may fail to prevent base station 1 12 from 
reaching an overioad condition due to the rapid variations in the power demand of individual traffic channels and the 
relatively slow feedback used to provide overload power control. Master controller 130 typically obtains the total power 
level of the signals amplified by amplifier 160 to determine rf there is an overload condition. 

[0013] Master controller 130 obtains the total power level by obtaining from the channel units 140 and 142 the 
30 power level of each signal. Channel units 140 and 142 obtains the power level of each signal using the gain and the 
information rate of the signal. Each channel unit 140 and 142 receives the gain and the Information rate of the signal 
from each channel element under its control. Channel units 140 and 142 receive the gain and information rate when 
either: 1) there is change in the gain of the signal conresponding to that channel element; or 2) there has not been a 
change in the gain for an extended time period, such as 1 second. The information rate is the number of bits of infor- 
35 mation transmitted per second. Four different information rates are possible: full rate, rate, Va rate, and 1/8 rate. The 
information rate is at the fill rate when a large amount of information is being transmitted from the base station to the 
mobile terminal, and it is at the 1/8 rate when a small amount of information is being transmitted from the base station 
to the mobile. The and the Va rate are transitional rates. On the fonA/ard link, when the information rate is Vi, or 
1/8, the channel rate, which Is the set number of voice or data bits that are transmitted within each frame, is higher tiian 
40 the information rate, and the information is repeated several times per frame. For example, with the rate information 
is repeated twice each frame; with the Va rate the information is repeated four times per frame; and with the 1/8 rate the 
information is repeated eight times per frame. Repeating the Information several times per frame permits the informa- 
tion to be transmitted at a correspondingly lower power. 

[0014] For each channel element, channel unit controllers 140 and 142 average the information rate over an 
45 extended predetermined time period and multiply the averaged information rate by the last reported gain squared to 
obtain tiie power level of the signal associated with the channel element. Each channel unit controller 140 and 142 then 
sends the power level to master controller 130, which sums the power levels of all the channel elements communicating 
witii it to obtain the total power level. Master controller 130 then compares the total power level with the amplifier's max- 
imum continuous power level to determine if tiiere Is an overioad condition. If master controller 130 determines that 
50 there is an overioad condition, the base station implements one of several remedies. These remedies typically Include: 
a) denying access to any new call requests, refen-ed to herein as call blocking; b) restricting the transmitted signal to its 
current level; or c) even clipping the transmitted signal. 

[0015] Problems arise because, as described above, the channel unit controllers 140 and 1 42 average the informa- 
tion rate over the extended predetermined time period, typically several seconds, and multiply the averaged information 
55 rate by the last reported gain squared. The gain may have changed several times during the extended predetermined 
time period. Therefore, the power levels obtained by channel unit controllers 140 and 142 may not be the actual power 
levels of the signals. Master controller 130 uses these power levels to obtain the total power level of the signals, and 
therefore, this obtained total power level may not be the power level being transmitted by base station 112. However, it 
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is this total power level that master controller 130 compares with the amplifier's maximum continuous power level to 
determine if there is an overload condition. Therefore, master controller 130 may not be able to accurately determine 
when there is an overload condition. As a result, conventional base stations can exceed amplifier 160's maximum con- 
tinuous power level and thereby damage amplifier 160. These drawbacks of conventional base stations have required 
5 an over-design of the amplifiers to cope with the overload conditions. Extra margin on the amplifier translates into more 
expensive and larger systems that still do not guarantee that the base station will perform without overloads. 

§Mmm9ryofth9 InvgntiPn 

10 [0016] The Invention solves the above problems by determining the power level of at least one fbnA/ard-IInk signal 
of a base station for a measurement interval, where the measurement interval has a duration smaller than or equal to 
the time period in which at least one power-Indicative signal characteristic can change. For example, a power-indicative 
signal characteristic can be the inlbrmation rate of the signal. If the Information rate can change once per frame, the 
measurement interval is smaller than or equal to a frame. Preferably, the measurement interval is smaller than the time 

IS period in which any of the power-indicative signal characteristics can change. The measurement interval can be of fixed 
or of a variable length. 

[0017] The power level of the signal is based on the signal's power-indicative signal characteristics during the 
measurement interval. In one embodiment of the invention, the signal's power-indicative signal characteristics include 
the information rate, and the gain of the signal. The power-indicative signal characteristics can also include whether the 
20 information contained in a traffic signal is control Information or voice and/or data information, whether the signal is set- 
ting up a call or is part of an established call, and whether the call is in a soft handoff. 

[0018] The forward-link signal is a part of a signal set. The signal set can include: all of the signals corresponding 
to a sector of the cell containing the base station; or some of the signals corresponding to the sector of the cell; or all 
of the signals amplified by the base station's amplifier; or some of the signals amplified by the base station's amplifier. 
2S For example, the set can include a plurality of the traffic signals, or a plurality of the traffic signals and one or more of 
the control signals. 

[0019] A master controller controls a plurality of channel units, each of which control a plurality of channel elements, 
where each fonvard-link signal corresponds to one control element. In one embodiment of the invention, each channel 
unit controller determines the power level of each signal that is both: 1 ) in the signal set, and 2) correspond to the chan- 

30 nel elements controlled by the channel unit. The channel unit controllers then fonvard the power level to the master con- 
troller. The master controller sums the power levels received from the channel units. The master controller fon/vards this 
total to every other master controller that controls channel elements that con-espond to signals in the signal set. Each 
master controller sums these totals to obtain the power level of the signal set. In another embodiment of the invention, 
it Is the master controller and not the channel unit controller that determines the power level of each signal. The master 

35 controller determines the power level of each signal that is both: 1) in the signal set, and 2) correspond to the channel 
elements controlled by the master controller. 

[0020] Determining the power level of at least one forward-link signal of a base station for a measurement interval 
that has a duration smaller than or equal to the time period in which at least one power-indicative signal characteristic 
can change allows the base station to more accurately determine the power level of a signal set. This in turn allows the 
40 base station to more accurately determine any measurement, such as the pilot fraction, or condition, such as the over- 
load condition, that requires knowledge of the power level of the signal set. For example, this allows the base station to 
better detect overload conditions, thus protecting the amplifier. 

Brief pesoriptjon of thg Prawing$ 

45 

[0021] 

Figure 1 is a block diagram of a portion of a wireless communication system; 

Figure 2 is a block diagram of the portion of the wireless communication system including a portion of a conven- 
so tional base station; 

Figure 3 is a block diagram of the portion of the wireless communication system including of a portion of a base 
station where channel units and a master controller together obtain the power level of a signal set; and 
Figure 4 is a block diagram of the portion of the wireless communication system Including of a portion of a base 
station where the master controller obtains the power level of a signal set. 

55 
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[0022] Figure 3 shows a portion of base station 200 in a CDMA system. Although the embodiment of the invention 



EP1 081 875 A2 



is being illustrated with the use of a CDMA system, the invention is not limited to use in CDMA systems. The invention 
may be equally applicable to any wireless communication system, such as Time Division Multiple Access (*TDMA") 
systems, and Global System for Mobile (GSM) systems, or any other wireless communication system. 
[0023] Base station 200 includes master controller 202, channel units 205 and 210, radio unit 150 that includes a 
5 baseband transmit and receive section, and a RF section. Base station 200 also Includes amplifier 160, peripheral hard- 
ware 170, and antenna 180. Although only two channel units are shown, the base station can include either more or 
less channel units. 

[0024] Master controller 202 is connected to channel units 205 and 21 0 by control bus 204. Each channel unit 205 
and 210 includes channel unit controllers 250 and 255. respectively, and multiple channel elements 215. 220, 225 and 

10 230, 235, 240, respectively. A channel element is required for each call being handled by the base station. The channel 
elements encode the data in a signal with the spreading codes. Each signal transmitted by base station 200 is the out- 
put of one of the channel elements 21 5, 220, 225, 230, 235, and 240. Although only three channel elements are shown 
in each channel unit, each channel unit can include either more or less channel elements. The outputs of the channel 
elements are digitally combined to form a combined-baseband signal. The combined-baseband signal is then Input into 

15 the radio unit 150 where the signal is slightly amplified and is modulated onto a carrier signal. The modulated signal is 
amplified by amplifier 160, and then transmitted via antenna 180 to mobile terminal 122. 

[0025] When a traffic signal is to be transmitted to mobile terminal 122, the traffic signal is sent from the originating 
terminal to MSC 118, either via the local and/or long-distance transmission network 120 or via the wireless network. 
MSC 1 18 sends the traffic signal to master controller 202, which sends the traffic signal via control bus 204 to the chan- 

20 nel unit controller that controls the channel element that will process the signal. For example, when the signal will be 
processed by channel element 215, master controller 202 sends the signal to channel unit controller 250. Channel unit 
controller 250 determines most of the signal's power-indicative signal characteristics for a measurement interval and 
sends the traffic signal to channel element 215. Some of the power-indicative signal characteristics, such as the gain 
as determined by the signal's individual power control, are set by the channel element. Channel unit controller 250 

25 obtains these power-indicative signal characteristics from channel element 21 5 at least once every measurement inter- 
val. The power-indicative signal characteristics include the information rate of the traffic signal and the gain of the sig- 
nal. The power-Indicative signal characteristics can also include whether the information contained in the signal is 
control information or voice and/or data information, whether the traffic signal is setting up a call or is in an established 
call, and whether the call is In a soft handoff. Scaling factors and gains are associated with the power-Indicative signal 

30 characteristics to be able to adjust the power level of the signal when the power-indicative signal characteristic indicates 
that certain conditions, as will be explained in more detail below. Channel unit controller 250 uses the gains and the 
scaling factors to determine the power level P[n] of the traffic signal for the measurement interval. The measurement 
interval has a duration smaller than or equal to the time period in which at least one power-indicative traffic signal char- 
acteristic can change. For example, the information rate of the traffic signal is one of the power-indicative signal char- 

35 acteristics, and the information rate can change once per frame; therefore, the measurement interval can be one frame, 
or one or several power control groups, where a power control group Is 1/16 of a frame. The measurement interval can 
be of a fixed length or of a variable length. 

[0026] In an alternative embodiment of the invention, the measurement interval is smaller then the time period in 
which any of the power-indicative signal characteristics can change. Typically, on the fonvard-link the gain is the power- 

40 indicative signal characteristic capable of changing fastest. In a CDMA system where the base station obtains power 
control information once per frame, such as a IS-95A or IS-95B compliant CDMA system, the gain can change once per 
frame, and therefore the measurement interval would be equal to or less than one frame. In a CDMA system where the 
base station obtains power control information once every power control group, such as a CDMA 2000 system, the gain 
can change once per power control group. Therefore, the measurement interval would be equal to or less than one 

45 power control group. 

[0027] As shown in equation 1, the power level P[n] of the traffic signal for the measurement interval is the sum of 
1) the power level of the non-power-control symbols multiplied by the non-power-control-symbol fraction and 2) the 
power level of the power-control symbols multiplied by the power-control-symbol fraction. The non-power-control-sym- 
bol fraction is the ratio of the number of non-power-control symbols to the number of the total symbols No3+Npcs in 
50 the measurement interval. The power-control-symbol fraction is the ratio of the number of power-control symbols Np^g 
to the number of the total symbols N^s+Npcs in the measurement interval, where the power-control symbols Np^ are 
the symbols used to represent power control bits. Power control bits are the bits that indicate to mobile terminal 122 
whether to increase or decrease the power level of its transmitted signal. 
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[0028] Channel unit controller 250 can obtain the power level of the non-power-control symbols in the following 
manner. Channel unit controller 250 squares and multiplies the gains, Gg and G that are indicative of the power level of 
the non-power-control symbols, refenred to herein as the non-power-control-symbol gains, to obtain a calculated power 
level. The non-power-control-symboi gains include the gain Gs based on whether the information contained in the traffic 

IS signal Is control information or voice and/or data, and the gain G of the traffic signal as determined by the signal's indi- 
vidual power control. When the information contained in the traffic signal is control information Gs can be any value 
between 1 and 2, and when the information contained in the traffic signal is voice and/or data Gs is equal to 1 . Addition- 
ally, when the individual power level of the signal Is scaled the scaling gain is also squared and multiplied by G i * 
to obtain the calculated power level. For example, the signal can be scaled as part of an overload power control method 

20 disclosed in U.S. patent application "Aggregate Overload Power Control", Serial No. , , described 

In more detail below. When the individual power level of the signal is scaled, the scaling can be performed by multiplying 
the scaling gain by the gain G as determined by the individual power control, and then squaring the scaled gain and 
multiplying it by G i to obtain the calculated power level. 

[0029] This calculated power level (cf * G^) is compared with a minimum allowed power level LG^ and with a 
25 maximum allowed power level MG^. The max function compares the calculated power level with the minimum allowed 
power level LG^ and selects the larger of the two values; and the mm function compares the calculated power level with 
the maximum allowed power level MG^ and selects the smaller of the two values. The minimum allowed power level LG^ 
is the minimum allowed power level for non-power-control symbols as specified by the standard with which the system 
containing base station 200 complies. The maximum allowed MG^ power level is the maximum power level at which it 
30 is beneficial to transmit a traffic signal on the forward link. Typically, the maximum allowed power level MG^ can be 
selected to be between 50% and 80% of the power level at which the pilot is transmitted, although it can be between 
50% and 100% of the power level at which the pilot is transmitted. A lower maximum allowed power level MG^ improves 
capacity, but reduces the fonward link coverage. 

[0030] When the calculated power level {gI * G^) is between the maximum MG^ and minimum LG^ allowed 

35 power level, the calculated power level {gI * G^) is multiplied by the non-power-control symbol's scaling factors to 
obtain the power level of the non-power-control symbols. The non-power-control-symbol's scaling factor Includes scal- 
ing factor based on the information rate of the traffic signal. Additionally, when the signal is scaled based on whether 
traffic signal is setting up a call or data transmission, or in an established call or data transmission, the non-power-con- 
trol-symbol's scaling factor Includes scaling factor K^. Kr is equal to 1 for a full rate frame. .5 for a half rate frame, .25 for 

40 a quarter rate frame, and .125 for an eighth rate frame. Kx is based on the base station's vocoder rate. For an 8 k voc- 
oder Kx is set equal to 1 and does not vary. For a 13 k vocoder, Kx is based on whether the traffic signal Is setting up a 
call or data transmission, or is part of an already established call or data transmission. For example, when the traffic 
signal is setting up a call, Kx is equal to 1; and when the traffic signal is part of an established call, Kx is equal to 1 for 
a full rate firame and Kx can range from 1 to .25 when the information rate is lower than 1 . 

45 [0031] When the calculated power level (G I * G^) is above the maximum allowed power level MG^, the maximum 
allowed power level MG^ is multiplied by the non-power-control symbols scaling Actors (K^ and Kx) to obtain the power 
level of the non-power-control symbols. When the calculated power level is below the minimum allowed power level 
LG^, the minimum allowed power level LG^ is multiplied by the non-power-control symbols scaling factors (K^ and Kx) 
to obtain the power level of the non-power-control symbols. Channel unit controller 250 multiplies the power level of the 

50 non-power-control symbols by the non-power-control-symbol finaction 




55 



[0032] Channel unit controller 250 can obtain the power level of the power-control symbols in the following manner. 
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Channel unit controller 250 squares and multiplies the gains Gp and G that are indicative of the power level of the 
power-control symt)ols, referred to herein as the power-control-symbol gains, to obtain a calculated power level. The 
power-control-symbol gains include the gain Gp based on whether the call is in soft handoff, and the gain G of the traffic 
signal as determined by the signal's individual power control. When the call is not in soft handoff« simplex mode, Gp is 
5 equal to 1 ; when the call is in a two-way soft handoff. Gp is equal to 1 .5; and when the call Is in a three-way soft handoff 
or above. Gp is equal to 1.75. Additionally, as described above, when the individual power level of the signal is scaled 
the scaling gain is also used in obtaining the calculated power level. This calculated power level (G i * G^) is then com- 
pared with the maximum allowed power level MG^. and the smaller of the two is multiplied by the power-control-symbol 
fraction 

10 



IS 

[0033] Channel unit controller 250 sums 1 ) the power level of the non-power-control symbols multiplied by the non- 
power-control-symbol fraction and 2) the power level of the power-control symbols multiplied by the power-control-sym- 
bol fraction to obtain the power level P[n] of the measurement interval. 

20 [0034] Channel unit controller 250 then forwards the power level P[n] to master controller 202. The channel unit 
controllers 250 and 255 determine the power level P[n] of each traffic signal that are both in the signal set and that cor- 
respond to the channel elements 215. 220, 225 and 230, 235, 240 controlled by that channel unit 250 and 255. respec- 
tively Channel unit controllers 250 and 255 then fonvard the power level to master controller 202. Master controller 202 
sums the power levels of the traffic signals in the signal set sent to it by channel units 250 and 255. When the signal set 

25 includes the control signals, master controller 202 also adds the power level of the control signals to the sum of the 
power level of the traffic signals. The power level of the control signals Is typically the gain of the control signals squared 
since the information rate of the control signal is typically the full rate. 

[0035] In one embodiment of the Invention, master controller 202 then fonwards this total to every master controller 
that controls channel elements that correspond to signals in the signal set. Each master controller may determine this 

30 total in the same manner as master controller 202 or they may obtain this total in any other manner. Each master con- 
troller sums these totals to obtain the power level PS[n] of the signal set for the measurement interval. The signal set 
can include: all of the signals corresponding to a sector of the cell containing the base station, or some of the signals 
corresponding to a sector of the cell; or all of the signals amplified by the base station's amplifier; or some of the signals 
amplified by the base station's amplifier. For example, the set can include a plurality of the traffic signals, or a plurality 

35 of the traffic signals and one or more of the control signals. 

[0036] In another embodiment of the invention, master controller 202 averages the power level of the signal set over 
a plurality of measurement intervals. Master controller 202 can use a filter, such as a single pole infinite impulse 
response (IIR) filter or a finite impulse response (FIR) filter, to average the power level of the signal set. The number of 
measurement Intervals Is selected to balance a desire to obtain the power level for a measurement Interval as accu- 

40 rately as possible and a desire to have a smoothly varying power level. For example, the number of measurement Inter- 
vals can be enough to generate a 5 ms to 400 ms averaging period. Master controller 202 then fonA^ards this total to 
every master controller that controls channel elements that correspond to signals in the signal set. Each master con- 
troller sums these totals to obtain the power level PS[n] of the signal set 

[0037] Optionally, the power level PS[n] can be adjusted to take into account the fact that the actual path gain of the 
45 transmission path may be different from the nominal path gain of the transmission path. To take into this fact into 
account the power level can be multiplied by the ratio of the actual path gain to the nominal path gain. The path gain of 
the transmission path Is the path gain of the equipment along the transmission path within base station 200. A nominal 
path gain is determined when the base station is calibrated under nominal conditions. The nominal path gain can be 
determined in any manner, including by measuring the power level of a signal at the beginning of the transmission path, 
50 i.e. at the channel element, and measuring the power level of this signal at the end of the transmission path, i.e. at the 
antenna. The ratio of the power level at the end of the transmission path to the power level at the beginning of the trans- 
mission path Is the nominal path gain. The actual path gain is determined under operating conditions. The actual path 
gain can be determined in any manner, including by measuring the power level of a signal at the beginning of the trans- 
mission path, and measuring the power level of this signal at the end of the transmission path. The ratio of the power 
55 level at the end of the transmission path to the power level at the beginning of the transmission path is the actual path 
gain. 

[0038] In another embodiment of the invention, shown in Figure 4, master controller 402 determines most of the 
power-indicative signal characteristics for the measurement interval and sends the traffic signal to the channel element. 
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Some of the power-indicative signal characteristics, such as the gain as determined by the signal's individual povi/er 
control, are set by the channel elements. The channel elements send these power-indicative signal characteristics to 
master controller 402 at least once every measurement interval. Master controller 402 uses the gains and the scaling 
factors to determine the power level P[n] of the signal for the measurement interval in the same manner that the channel 

5 unit controllers use this infonnatlon to determine the power level P[n]. Master controller 402 then sums the power level 
of each traffic signal in the signal set corresponding to the channel elements controlled by the master controller. When 
the signal set includes the control signals, master controller 402 also adds the power level of the control signals to the 
sum of the power level of the traffic signals. In this embodiment channel units 405 and 410 may not include channel unit 
controllers 450 and 455. in which case, master controller 402 controls the channel elements directly. 

10 [0039] In one embodiment of the invention, master controller 402 then forwards this total to every master controller 
that controls channel elements that conrespond to signals in the signal set. Each master controller may determine this 
total in the same manner as master controller 402 or they may obtain this total in any other manner. Each master con- 
troller sums these totals to obtain the power level PS[n] of the signal set for the measurement interval. 
[0040] In another embodiment of the invention, master controller 402 averages the power level of the signal set over 

15 a plurality of measurement intervals. The number of measurement intervals is selected to balance a desire to obtain the 
power level for a measurement interval as accurately as possible and a desire to have a smoothly varying power level. 
For example, the number of measurement intervals can be enough to generate a 5 ms to 400 ms averaging period. 
Master controller 402 then fonvards this total to every master controller that controls channel elements that conrespond 
to signal in the signal set. 

20 [0041] Optionally, the power level PS[n] can be adjusted to take into account the fact that the actual path gain of the 
transmission path may be different from the nominal path gain of the transmission path. To take Into this feet Into 
account the power level PS[n] can be multiplied by the ratio of the actual path gain to the nominal path gain, as 
described above. 

[0042] The method for determining the power level of the forward-link signal for a measurement interval can be 

25 used with methods of overioad control. For example, this method can be used with the overtoad power control method 
disclosed In U.S. patent application "Aggregate Overioad Power Control", Serial No. , , incorpo- 

rated herein by this reference. This overload power control method changes the power level of a set of fonward-link sig- 
nals responsive to a threshold power level that is based on the amplifier's maximum continuous power level, 
independent of the individual power control of each of the fonvard-IInk signals in the signal set. The power level of the 

30 signal set is changed by scaling it by a scaling factor. The total power level of the signal set is obtained during a current 
time period, and then the scaling factor that will be used in the subsequent time period Is determined. The scaling factor 
is preferably based on the total power level of the signal set for the cun-ent time period, a scaling factor used during the 
cun-ent time period, and a threshold power level. The amount by which the total power level exceeds the amplifier's 
maximum continuous power level Is the overioad amount. The scaling factor is selected so that for each time period the 

35 overload amount is reduced by a percentage or a fixed factor. For example, the overload amount can be reduced by 3% 
for the cunrent time period, and then the percentage by which the overioad amount Is reduced In a subsequent time 
period is based on the scaling factor of the cun-ent time period and the overioad amount of the subsequent time period. 
[0043] Additionally, the method for determining the power level the fonvard-link signal for a measurement interval 
can be used with initiating call blocking disclosed in U.S. patent application "Overioad Control Utilizing Call Blocking", 

40 Serial No. , , incorporated herein by this reference. This method initiates call blocking responsive 

to a call-quality measurement of the forward link. The call-quality measurement is a measurement of how well a mobile 
terminal is able to receive the forward link. For example, one call-quality measurement is the power fraction, which can 
be more accurately obtained using the cun-ent invention. 

[0044] The foregoing is merely illustrative, Thus, for example in the illustrative embodiment there are many power- 
45 indicative signal characteristics used to determine the power level of the non-power-control symbols. In an alternative 
embodiment, only the information rate and the gain as determined by the signal's individual power control, can be used 
to determine the power level for non-power-control symbols. Additionally, the power level of the power-control symbols 
can be determined In the same manner as described above, or It can be determined using just the gain as determined 
by the signal's Individual power control. 
50 [0045] Furthermore, although in the illustrative embodiment only the power levels of the traffic signals are deter- 
mined using the power-indicative signal characteristics, in an alternative embodiment the power levels of both the traffic 
and the control signals can be determined using the power-indicative signal characteristics of the signal. 
[0046] Moreover, although In the illustrative embodiment the base station includes one amplifier, in alternative 
embodiments the base station can include a plurality of amplifiers, each for amplifying a signal set. In this case, the 
55 power level of the each of the signal sets can be determined using the above process. Additionally, one skilled in the art 
will recognize that although in the illustrative embodiment each ceil Is an omni-sector cell, the cell can be divided into a 
plurality of sectors, with each sector having Its own channel elements, radios, amplifiers, and antennas. In this case, the 
power level of the signal set associated with each sector can be determined using the above process 
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[0047] While the invention has been described with reference to a prefen-ed embodiment, it will be understood by 
those skilled in the art having reference to the specification and drawings that various modifications and alternatives are 
possible therein without departing from the spirit and scope of the invention. 

5 Claims 

1. A method for determining a power level of a fonvard-link signal in a wireless system, the method CHARACTER- 
IZED BY the steps of: 

10 determining a plurality of power-Indicative signal characteristic of the signal; and 

determining the power level of the signal for a measurement interval using the power-indicative signal charac- 
teristics, the measurement interval having a duration smaller than or equal to the time period in which at least 
one power-Indicative signal characteristic can change. 

15 2. A method for determining a power level of a set of fon^/ard-link signals transmitted by a base station In a wireless 
system, the method CHARACTERIZED BY the step of: 

determining a plurality of power-indicative signal characteristic of each of the signal In the signal set; 
determining the power level of the each of the signals for a measurement interval using the power-indicative 
20 signal characteristics, the measurement Interval having a duration smaller than or equal to the time period in 

which at least one power-indicative signal characteristic can change; and 

determining the power level of the signal set the measurement interval using the power levels of each of the 
signals. 

25 3. The method of claim 1 or 2. CHARACTERIZED IN THAT the measurement interval has a duration smaller than or 
equal to the time period in which any of power-indicative signal characteristics can change. 

4. The method of claim 2, CHARACTERIZED IN THAT: 

30 the step of determining the power level of the each of the signals in the signal set comprises, in a channel unit 

controller: 

obtaining an information rate of a signal and a gain of the signal as determined by the signal's individual 
power control (260, 255); 

35 multiplying the information rate of the signal and the gain squared of the signal to obtain the power level of 

the signal; and 

fonvarding the power level each signal to a master controller (202); and 

the step of the determining the power level of the signal set comprises summing the power level of each signal 
40 in a master controller (202). 

5. The method of claim 2, CHARACTERIZED IN THAT the step of determining the power level of the each of the sig- 
nals in the signal comprises, in a master controller (402): 

45 obtaining an information rate of a signal and a gain of the signal as determined by the signal's individual power 

control; and 

multiplying the information rate of the signal and the gain squared of the signal to obtain the power level of the 
signal. 

so 6. The method of claim 1 or 2, CHARACTERIZED IN THAT the power-indicative signal characteristics comprise an 
information rate of the signal. 

7. The method of claim 1 or 2, CHARACTERIZED IN THAT the power-indicative signal characteristics comprise a 
gain of the signal as determined by the signal's individual power control. 

55 

8. The method of claim 1 or 2. CHARACTERIZED IN THAT the power-indicative signal characteristics comprise 
whether the Information contained In the signal is control Information. 
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9. The method of claim 1 or 2. CHARACTERIZED IN THAT the power-indicative signal characteristics comprise 
whether the call is in set up. 

10. The method of claim 1 or 2. CHARACTERIZED IN THAT the power-indicative signal characteristics comprise 
5 whether the call Is in soft-handoff. 

11. The method of claim 2. CHARACTERIZED IN THAT the signal set comprises all the signals in a sector of a cell in 
which the base station is located. 

10 12. The method of daim 2, CHARACTERIZED IN THAT the signal set comprises all the signals amplified by an ampli- 
fier of the base station. 

13. The method of claim 2, CHARACTERIZED IN THAT the signal set comprises a plurality of traffic signals. 

15 14. The method of claim 2, CHARACTERIZED IN THAT the signal set comprises a plurality of traffic signals and at 
least one control signal. 

15. The method of claim 1 or 2. CHARACTERIZED IN THAT the measurement interval comprises a frame. 

20 16. The method of claim 1 or 2, CHARACTERIZED IN THAT the measurement interval comprises a power control 
group. 



55 
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FIG, 1 
(Prior Art) 
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